The solar magnetic field has its footpoints in the photosphere, extends through the chromosphere, and is thought to expand through the transition region and into the corona. It is organized by fluid motions to form strong flux concentrations within the boundaries of the supergranular convection cells. These boundaries are the network lanes observed in line emission, and they display increasing width with height through the solar atmosphere. The network field concentrations are surrounded by a mixed-polarity internetwork magnetic field on the scale of granulation. We use a potential magnetic field extrapolation of synthetic photospheric magnetograms to study the magnetic network topology and the effects of a mixed-polarity background field on the network expansion with height through the solar atmosphere. We find that the expansion of the network boundary with height deviates significantly from the funnel expansion model. Moreover, we find that the background magnetic field has a considerable effect on the filling factor of the network area with height, even though the background flux is strictly equal to zero.
1. INTRODUCTION The magnetic field in the solar atmosphere originates in magnetic elements in the photosphere. Plasma flows in the photospheric layers carry the magnetic field to the edges of the supergranular convection cells, resulting in a larger magnetic flux in the cell boundaries than in their interiors. The upward extension of these boundaries is observed as network lanes, which are bright in chromospheric emission with increasing contrast to height, showing contrast ratios of nearly an order of magnitude in the extreme-ultraviolet (Reeves 1976) . It is believed that the network magnetic field provides the basic channel for energy transport and heating of the solar chromosphere and corona and for the acceleration of the solar wind (e.g., Reeves 1976; Gabriel 1976; Marsch & Tu 1997; Vocks & Mann 2003; Aiouaz et al. 2005) . Knowledge of the geometric expansion of the network with height can provide constraints on the energy budget of the solar atmosphere.
To date, theoretical modeling of a single flux tube's cross section with height (e.g., Gabriel 1976; Hackenberg et al. 2000) has largely provided us with the interpretive background to direct observations of network expansion (e.g., Patsourakos et al. 1999) . Only recently has attention been given to the role of the internetwork field in determining the geometric properties of the field with height (Schrijver & Title 2003) . This Letter examines the three-dimensional structure of the network magnetic field resulting from an imposed synthetic photospheric boundary flux. It focuses on the effects of the magnetic variations within the network and the presence of small-scale internetwork elements on the network expansion through the solar atmosphere. Fig. 1 ) are the seed areas for a random distribution of strong network magnetic field concentrations.
We create three different magnetic field topologies of increasing complexity by specifying the vertical magnetic field on the lower boundary of the domain (Fig. 1) . In the first case, 100 unipolar magnetic field concentrations are randomly distributed within the network lanes (left panel in Fig. 1) ; in the second case, concentrations of mixed polarity (150 positive and 50 negative) are randomly placed within the network (middle panel in Fig. 1 ). In these cases, no magnetic field concentrations are placed within the supergranular cells. The flux concentrations are Gaussian-shaped with a full-width at half-maximum (FWHM) equal to 1 Mm and of unit ‫)1ע(‬ amplitude. The final case (right panel in Fig. 1 ) is similar to the second, with mixed polarities within the network lanes (again 150 positive and 50 negative), but with an additional background field component added. This background field consist of 500 weak magnetic field concentrations of mixed polarity (FWHM equal to 0.5 Mm and amplitudes of ‫)1.0ע‬ randomly distributed within the cells. Care is taken to keep the total flux of the internetwork background field equal to zero, while the net flux of the network field is nearly the same (minor differences due to overlap of the Gaussian profiles) in all three cases.
THE NETWORK EXPANSION MODEL
At present, we have to rely on field extrapolation methods to infer properties of the coronal field. Simple fields, such as potential magnetic fields, are broadly applicable and still widely invoked in the literature. Even though this is an extreme oversimplification, neglecting currents, flows, and radiative transfer in the solar photosphere, its allows us to study the atmospheric magnetic topology resulting from a given boundary flux.
To determine the magnetostatic potential field, we solve the The potential magnetic field solution is fully determined by the values imposed at the lower boundary (the vertical field given by the synthetic magnetograms described in § 2), an assumed horizontal periodicity, and an upper boundary condition, which we take to be vertical field at infinity.
Once all three components of the magnetic field are computed, we are able to follow the expansion of the network. At any chosen height, for each pixel of the map we trace back the corresponding magnetic field line to the photospheric plane. We define as network any pixel whose magnetic field traces back to the network seed area of the magnetogram (within the long-dashed boundaries in Fig. 1) . We thus obtain a network mask at each height and can follow the expansion of these regions through the atmosphere. We indicate the shape of the network mask for each synthetic magnetograms at heights Mm and Mm with solid and dashed curves, z p 3 z p 10 respectively, in Figure 1 .
The lower left panel in Figure 2 shows the variation of the network filling factor (network area over the total field of view) with height in the atmosphere. The result from case I (unipolar network) is shown with a dotted curve, that of case II (mixedpolarity network) is plotted with a long-dashed curve, and case III's (mixed-polarity network plus internetwork field) is shown using a solid curve. In addition, we use the two-dimensional magnetic funnel model as defined by Hackenberg et al. (2000) to calculate the variation of the filling factor with height implied by a single magnetic funnel. Hackenberg et al. (2000) modeled supergranulation in two dimensions by imposing along the lower boundary a compact vertical field surrounded by an oppositely signed, more diffused return field of lower flux. We similarly define an axisymmetric funnel of radius and total L/2 net flux f net . The high degree of symmetry assumed by the Hackenberg et al. (2000) model yields a current-free (also called potential) magnetic field solution within the domain. We calculate the filling factor at each height by defining the funnel area as that of a disk whose radius is the distance from the funnel center to the last open magnetic field line. The variation of the funnel filling factor with height is plotted with a dashed curve (lower left panel in Fig. 2) , where the horizontal length scale of the funnel L was normalized so that its filling factor is equal to that of cases I and II at Mm. z p 10
RESULTS AND DISCUSSIONS
The lower left panel in Figure 2 displays clearly that after a height of Mm, the network expansion in the unipolar z ≈ 3 case (case I, dotted curve) and the case of mixed polarities (case II, long-dashed curve) become nearly indistinguishable. Since mixed polarities within the network in the later case imply the presence of loops within the network itself, this result demonstrates that these loops influence the network expansion at heights lower than Mm only. Since the network net flux z ≈ 3 in these two cases is equal, the filling factors at greater heights converge.
In contrast, the results from case III show that the presence of a weak background field significantly alters the network filling factor throughout the domain. The presence of the internetwork field significantly reduces the expansion of the network, even in the uppermost layers (10% less network at 10 Mm). Since care was taken to keep the total flux of the internetwork background zero, this continued suppression of the network area with height reflects the presence of a randomly seeded weak field adjacent to the network lanes. The weak field concentrations, by providing low-lying loop footpoints with one footpoint within the network and the other without (see right panels in Fig. 2 ), prevent some of the network field from reaching the upper boundary of the domain. The background magnetic field thus acts to redistribute the network flux into the internetwork region, allowing some of the internetwork field to remain open at the upper boundary.
Finally, the results from all three potential field extrapolations are significantly different than that expected based on the expansion of the magnetic funnel model (Fig. 2, dashed line) . The network expansion calculated from the three-dimensional extrapolation of synthetic magnetograms composed of many magnetic field concentrations deviates significantly from the expansion of the single magnetic funnel at almost all heights. Nevertheless, it is possible to approximate the variation of the network filling factor resulting from any of the three synthetic magnetograms using a combination of two-dimensional axisymmetric magnetic funnels. The values of the net flux (f net ) and horizontal length scale (L) of each funnel would have to be determined so that the combination approximates the filling factor resulting from the synthetic magnetograms (see sketch in the top left panel in Fig. 2) . 
CONCLUSIONS
The main goal of this Letter was to calculate the network filling factor variation with height using synthetic magnetograms of increasing complexity. The result demonstrates that the effect of loops within the network area are rather low-lying. This is of significant importance because it places stringent constraints on observations aimed at studying the magnetic network topology. Furthermore, the presence of small loops, with one footpoint within the network and the other without, greatly affects the network filling factor to significant heights, even though the background internetwork flux is strictly equal to zero. This result demonstrates the importance of the unresolved small-scale internetwork magnetic field on the configuration of the network at chromospheric and coronal heights. Finally, the magnetic funnel model, derived from the wellknown Gabriel (1976) model, has been used as a reference model for observations of the expansion of the network through the atmosphere. This should be reconsidered in light of our results, and multiple funnel models, more realistic field extrapolations, or magnetohydrodynamic models should be considered for future comparison with observations. This study motivates further work on network magnetic field topology and has implications for our understanding of the chromospheric and coronal field configuration above the quiet Sun.
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